Aim. To assess of the role of renal ultrasonography (US) and DMSA renal scintigraphy in the prediction of irreversible histological lesions of the upper pole in duplex system. Methods. A prospective cohort study based on data collected between 2005 and 2012 at our institution. The cohort consisted of 23 patients with ureteroceles and 28 patients with ectopic ureters who underwent upper pole nephrectomy. Preoperative recordings from ultrasound and nuclear renal scans were compared with the histological findings. Histological irreversible lesions were defined as the presence of dysplasia and/or severe chronic interstitial nephritis (CIN) in ≥ 90% of the specimen. ROC (Receiver Operating Characteristic) curves were used to investigate thresholds in order to identify irreversible lesions using various differential functions. The histology was correlated with the results of imaging. Results. Pathological findings were found in all histological samples. Histological lesions were irreversible in 20/23 patients (87.0%) with ureteroceles and in 14/28 patients (50.0%) with ectopic ureters. The model is able to predict irreversible lesions if an upper pole differential function is ≤ 3% in patients with ureteroceles, and ≤ 2% in the presence of ectopic ureters. Weak association between parenchymal thinning on ultrasonography and irreversible lesions was found in patients with ectopic ureters. Conclusion. DMSA renal scintigraphy provides a useful tool for the prediction of irreversible lesions in the upper pole. Low differential function (≤ 3% and ≤ 2%, respectively) indicates irreversible lesions, favoring heminephrectomy. Higher differential function indicates greater remaining biological potential of the parenchyma, favoring reconstruction of the upper pole.
INTRODUCTION
The choice of proper medical treatment of ureteroceles or ectopic ureters in the duplex kidney remains a challenge despite the availability of several studies addressing this problem [1] [2] [3] [4] [5] [6] . in current practice, treatment is based on morphological information from ultrasonography (Us), information about function from the dimercaptosuccinic acid (dmsa) or mercaptoacetyltriglycine (maG-3) renal scan, and the clinical course. However, due to the lack of objective criteria for evaluation of the obtained patients' records, the decision-making is largely empirical. The choice between reconstructive and ablative surgery may be facilitated by knowledge of the biological potential of the upper pole's parenchyma.
The aim of this study is, 1-to assess the possible use of Us and dmsa renal scintigraphy for preoperative prediction of the most severe -irreversible histological lesions of the upper pole (Up) in patients with ureteroceles or ectopic ureters in duplex systems, 2-to find a threshold of Up differential function measured by nuclear renal scans in order to define the group of patients with an Up with little or no potential for recovery, 3-to examine the power of association between histological lesions in the Up and three characteristics gained by renal Us, namely echogenicity, parenchymal thinning and degree of hydronephrosis.
PATIeNTS AND MeTHODS
a cohort study was performed on patients with ectopic ureters or ureteroceles in the duplex system who underwent upper pole partial nephrectomy (UpN) at our institution between January 2006 and November 2013. during this period, 57 patients were diagnosed with ureteroceles in the duplex system, and 36 patients were diagnosed with ectopic ureters in the duplex system. of these, 23 patients with ureteroceles and 28 patients with ectopic ureters underwent UpN. The rest underwent reconstruc-tive surgery. all patients underwent a preoperative workup including renal Us and dmsa nuclear renal scans.
Three characteristics obtained by Us were recorded: degree of hydronephrosis, parenchymal thinning and increased echogenicity. The degree of hydronephrosis was characterized by anteroposterior renal pelvic diameter (ap) of the Up. Three categories were distinguished: an ap less than 10 mm, an ap of 10-15 mm and an ap of more than 15 mm. parenchymal thickness measured at the upper calyx ranged from 1 to 5 mm constituting five categories of parenchymal thickness. The affected Up was evaluated for echogenicity compared to the liver. Two categories of echogenicity were distinguished: increased and normal.
Tc-99m dmsa scintigraphy was used to assess function of the affected Up. differential function of the Up -(the percentage of overall function measured by renal uptake) was determined using the high-resolution images. demarcation of the renal segments of the duplex system was determined on visual inspection of the images (Fig.  1) . in order to refine determination of the extent of upper and lower segments in a duplex kidney, measurement of the dimensions of both segments from Us findings was used (Fig. 2) .
UpN specimens were fixed in formalin and stained with hematoxylin and eosin, masson's trichrome and periodic acid-schiff (pas). Histological sections of renal specimens were evaluated by one pathologist. The histological lesions were classified, according to the glomerular and tubulointerstitial alterations and presence of dysplasia, into four groups. The normal group included mature renal parenchyma with only few lesions. The mild chronic interstitial nephritis (ciN) group included more-prominent glomerular sclerosis as well as mild interstitial fibrosis and tubular atrophy. The severe ciN group included cystic changes with parenchymal loss, glomerulosclerosis, extensive interstitial fibrosis and tubular atrophy 7 . The dysplasia group was characterized by the persistence of immature and incompletely differentiated renal tissue 8 . in each specimen the percentage presence of individual levels of histological change and dysplasia was evaluated. From all examinations, the average afflicted area of each specimen, by individual types of histological changes, was calculated. irreversible histological lesions were defined as presence of dysplasia and/or severe ciN in at least 90% of the specimen. all patients with ureteroceles underwent initial endoscopic decompression. The indications for surgery included a persisting poor function of the upper renal segment (less than 10% of the overall renal function) and/ or recurrent urinary tract infection and severe hydronephrosis. parents' choice of treatment was respected.
all statistical analyses were performed separately for ureteroceles and ectopic ureters.
power of association between patients Up lesions and any of their characteristics from Us was described by correlation coefficient 9 . The uncertainty of the correlation coefficient estimation was described by the bootstrap 95% confidence interval 10 . The predictive value of differential function of the upper poles was investigated in detail. The patients could be divided into two subgroups according to their Up differential function. all possible thresholds dividing the group of patients into subgroups with low and high differential function of the Up were examined. each threshold implied a certain sensitivity and specificity. The quality of predictions under various thresholds was displayed by roc curves 11 . The uncertainty in construction of roc curves was visualized by confidence bands for the roc curves. The method of vertical averaging was used for the construction of these 95% confidence bands 12 . The total predictive value of differential function of the Up was described by the area under the roc curve.
ReSULTS

Ureteroceles
Fifty seven patients with ureteroceles underwent surgery (29 girls, 28 boys). in 43 cases (75%) the ureterocele was diagnosed antenatally, in 14 (25%) cases the diagnosis was based on clinical symptoms. reconstruction was performed in 34 cases. UpN was performed in 23 (40%) cases (14 girls, 9 boys). in 15 (65%) cases where UpN was performed the ureterocele was diagnosed antenatally. median age at sugery was 19.4 months (range 3-80). irreversible lesions were found in 20 of 23 patients (87.0%) with ureteroceles; 10 of 23 patients (43.5%) had dysplasia in their upper poles ( Table 1) .
The results from Us were available for all 23 patients who underwent UpN. ap was more than 15 mm in 14 (61%) cases, 10-15 mm in seven (30%) cases and less than 10 mm in two (9%) cases. increased echogenicity was found in nine patients (39%). parenchyma thickness ranged from 1 to 5 mm which was more than 50% reduction with respect to the contralateral kidney in all patients. correlation coefficients between irreversible histological lesions and individual Us characteristics were estimated to be 0.046 (interval -0.371-0.393) for increased echogenicity, 0.064 (interval -0.387-0.535) for parenchyma reduction and for the degree of hydronephrosis 0.112 (interval -0.368-0.656). None of the evaluated Us characteristics was associated with irreversible microscopic lesions in Up parenchyma.
renal scans were available for all 23 patients who underwent UpN. eleven (46%) patients had nonfunctioning Up, maximal differential function was 5% (in one patient). The median was 1% ( Table 1 ). The main aim of the study was to predict irreversible histological lesions of Up from its differential function. Fig. 3 displays the roc curve illustrating the quality of predictions under various thresholds. The area under the roc curve is equal to 0.617, with the 95% ci = (0.225, 1.00). The 90% sensitivity is reached for the threshold equal to 3%. Thus the model predicts irreversible lesions in patients with the Up differential function equal to 3% or less. The group of patients with function not higher than 3% constitutes about 91% of the patients with ureteroceles who underwent UpN (21 of 23 patients). The model is characterized by 95% sensitivity, ci = (84%, 100%) and 33% specificity, ci = (0%, 100%). The total accuracy is 87%, ci = (74%, 100%). evaluation by bootstrap has shown that the threshold equal to 3% would result in 90% sensitivity with a specificity of about 87%. 
ectopic ureters
Thirty six patients with ectopic ureters underwent surgery (26 girls, 10 boys). in 30 cases (83%) the ectopic ureter was diagnosed antenatally, in 6 (17%) cases the diagnosis was based on clinical symptoms. reconstruction was performed in 8 cases. UpN was performed in 28 (78%) cases (21 girls, 7 boys). in 18 cases (64%) where UpN was performed the ectopic ureter was diagnosed antenatally. median age at surgery was 17.1 months (range 3-77).
Histological lesions were irreversible in 14 of 28 patients (50%) with ectopic ureters; 2 of 28 patients (7.1%) had dysplasia in their upper poles. more detailed information is included in Table 1 .
The results from Us were available for all 28 patients who underwent UpN. ap was more than 15 mm in 17 (61%) cases and 10−15 mm in 11 (39%) cases. No patient had ap less than 10 mm. increased echogenicity was found in 9 patients (32%). parenchyma thickness ranged from 1 to 5 mm, that means more than 50% reduction with respect to the contralateral kidney, in 27 of 28 patients (96%). correlation coefficients between irreversible histological lesions and individual Us characteristics were estimated to be 0.149 (interval -0.220-0.500) for increased echogenicity, and 0.073 (interval -0.316-0.456) for the degree of hydronephrosis. Neither increased echogenicity nor degree of hydronephrosis was associated with severity of histological lesions in Up.
The correlation coefficient between irreversible histological lesions and parenchymal reduction is estimated to be -0.346 with 95% ci = (0.673, 0.024). lower values of parenchymal thickness thus indicate higher probability of irreversible lesions in Up. The association between parenchymal reduction and severity of lesions is not too strong, but it appears to be statistically significant with a significance level of slightly more than 5%. renal scans were available for all 28 patients who underwent UpN. six (21%) patients had nonfunctioning Up, maximal differential function was 9% (in two patients). The median was 2%. detailed information is shown in Table 1 .
The possibility to predict irreversible histological lesions of the Up from its differential function was investigated. Fig. 4 displays the roc curve illustrating the quality of predictions under various thresholds. The area under the roc curve is equal to 0.911, with the 95% ci = (0.763, 0.997). The model predicts irreversible histological lesions of the Up in patients with Up function equal to 2% or less. The group of patients with function not higher than 2% constitutes about 57% of the patients with ectopic ureters who underwent UpN (16 of 28 patients). Total accuracy of this prediction -percentage of correctly classified patients -is about 85.7% (71.4%, 96.4%). The model is characterized by 93% sensitivity, ci = (76%, 100%), and 79 % specificity, ci = (55%, 100%).
DISCUSSION
There are many studies dealing with evaluation of histological findings in Up specimens after UpN in the case of ureteroceles or ectopic ureters in duplex kidney 1, 3, 4, [13] [14] [15] . However, only little attention has been dedicated to the predictive value of preoperatively collected records for the presence and severity of histological lesions in this situation [16] [17] [18] . Faure et al. 18 proved that severe thinning on Us and minimal pole function on mrU can be used to predict the severity of histological lesions in duplex systems.
in their study meneghesso et al. 17 did not prove the possibility of predicting the severity of histological lesions of the Up in the case of ureteroceles or ectopic ureters in duplex kidney by renal Us or maG-3 renal scintigraphy.
Bolduc et al. 16 compared the diagnostic imaging findings with the histological lesions in UpN specimens of duplex system ureteroceles, using renal Us and dmsa or maG-3 nuclear renal scans. it was proved that severe parenchymal thinning on renal Us and minimal function (≤ 4% overall renal function) on nuclear renal scan can be used to predict the severity of histological lesions of the Up.
our study is consistent with previously published data 16, 18 which suggest that there is no association between histological lesions in Up and echogenicity or degree of hydronephrosis. our study confirms the results of Bolduc et al. and Faure et al. 16, 18 which indicated that severe parenchyma reduction is associated with a severe histological lesion. We found this association in patients with ectopic ureter. The association is not strong enough but the level of parenchymal reduction might be used as a subsidiary marker of irreversible lesions in Up.
like Bodduc, we believe that the differential function of Up measured preoperatively on dmsa renal scans can be used to predict the severity of histological lesions in the Up. We have been successful in determining the threshold value for Up function defining the seriousness of histological change in parenchyma. in patients with ureterocele a threshold value of 3% was set, while for patients with an ectopic ureter a 2% threshold value was defined. patients with function below the threshold values have a high probability of the most severe, irreversible histological change. Both suggested thresholds are lower than the artificially designated thresholds presented in Bolduc et al.'s studies 16 . We believe that this reduction is influenced by two factors as follows:
1) Bolduc defined a 25% presence of TiN or dysplasia as the threshold for serious damage to parenchyma. We have interpreted 90% affliction of parenchyma as an irreversible change in kidney tissue. This is based on the pathologist´s view that 90% evidence of chronic TiN or dysplasia in kidney parenchyma is the terminal phase of damage to kidney parenchyma with no chance of regeneration.
2) We have refined the statistical evaluation of results. Bolduc et al. set a 4% threshold value arbitrarily, and used it to test the statistical significance of series without prior knowledge of a zero hypothesis. We believe that our approach, of seeking threshold values by means of a roc curve, is more accurate.
From our study it is apparent that the most serious damage to Up kidney parenchyma is in a state close to afunctional and the level of damage is more serious in the case of ureterocele than in ectopic ureter. However the validity of this hypothesis, that the ureteroceles lead to more severe damage, is not clear and should be further investigated.
definition of threshold values for Up function in combination with irreversibly damaged parenchyma replaces the descriptive notion of poor Up function with exact numerical data. setting threshold levels may contribute to a reduction in the number of ablation procedures (heminephrectomy) and reconstruction operations being carried out more often, even in the case of considerable Up duplex kidney hypofunction in ectopic ureter or ureterocele. long-term ultrasound and radionuclide monitoring of patients in combination with careful evaluation of clinical progress will verify the correctness of the chosen procedure.
CONCLUSION
dmsa renal scintigraphy provides a useful tool for the prediction of irreversible lesions in the Up. low differential function (3% or less in the case of ureteroceles, 2% or less respectively in the case of ectopic ureters) indicates irreversible lesions, favoring management by heminephrectomy. Higher differential function indicates higher remaining biological potential of the parenchyma, favoring reconstructive surgery. Ultrasonography plays a crucial role in the antenatal diagnosis of ectopic ureters and ureteroceles, however its role in the prediction of the severity of histological lesions in the Up is minimal.
ABBRevIATIONS
ap, anteroposterior renal pelvic diameter; aUc, area under curve; ciN, chronic interstitial nephritis; dmsa, dimercaptosuccinic acid; maG-3, mercaptoacetyl triglycine; roc, receiver operating characteristic; Up, Upper pole; UpN, Upper pole partial nephrectomy; Us, Ultrasonography.
